Highly effective magnetic molecularly imprinted polymer (MMIP) beads for adsorption of 2,4,6-trichlorophenol (2,4,6-TCP) were synthesized by suspension polymerization. The effect of various parameters such as bed depths (0.6, 1.1 and 1.7 cm), flow rate (1, 2 and 3 ml minute -1 ), influent 2,4,6-TCP concentrations (50, 100 and 200 mg l -1 ), influent solution pH (4, 6 and 8) and temperature (288, 298 and 308 K) was investigated. The breakthrough time increased with the increase of the bed depth, but decreased with an increase of the initial concentration, flow rate and temperature. The Adams-Bohart and Thomas models were applied to the adsorption process under experimental conditions to predict the breakthrough curves for process design. The Thomas model was in good agreement with the experimental data. Compared with magnetic non-imprinted polymers, MMIPs exhibited an excellent selectivity towards 2,4,6-TCP.
INTRODUCTION
Chlorophenols are weak acids in which chlorine atoms (between one and five) are added to phenol. 2,4,6-Trichlorophenol (2,4,6-TCP) is a toxic, mutagenic and carcinogenic pollutant, which contains a chlorine atom on each of the second, fourth and sixth carbon positions of the phenolic ring. It has been commonly used as a pesticide, herbicide, wood preservative and defoliant since the early 1930s (Joseph et al. 2011) . Wastewaters from pesticide, wood, pharmaceuticals, dye manufacturing, paper and pulp industries as well as from drinking-watertreatment facilities are the most important chlorophenol pollution sources (Hameed et al. 2009 ). There has been evidence that 2,4,6-TCP contamination may cause many human nervous system and health disorders, such as respiratory problems, cardiovascular problems, gastrointestinal problems as well as cancer (Gaya et al. 2010; Tan et al. 2009 ). Because of its high toxicity, carcinogenic properties, and structural stabilization in the environment, developing more efficacious alternatives to remove 2,4,6-TCP from wastewaters is of great significance.
A large variety of water-treatment technologies has been applied to remove 2,4,6-TCP from aqueous solutions, including biological treatment (Wang and Wang 2008) , photochemical treatment (Poulopoulos et al. 2008) , adsorption using activated clay (Hameed 2007) as well as activated carbons generated from various sources such as palm shell (Tan et al. 2008) , polyethylene terephthalate (Laszlo and Szücs 2001) , rattan sawdust and rice straw (Hameed and Rahman 2008; . Among these methods, adsorption is a promising technology for the treatment of wastewater as it offers a clean technology to produce a high-quality effluent (Wu et al. 2007) . Synthetic polymeric adsorbents have recently attracted increasing attention in adsorption and separation due to their favourable physicochemical stability, large adsorption capacity and easy regeneration property.
Nonetheless, these adsorbents remove the chlorophenols and other organic pollutants indiscriminately because of their poor selectivity. In regular monitoring, selective recognition and removal of target chlorophenols from complex matrices in environmental water samples before the detection of trace amounts of phenolic pollutants are frequently required. Therefore, it is necessary to enhance the selectivity of adsorbent so that the adsorption of 2,4,6-TCP can be achieved selectively.
In recent years, an efficient way was developed to enhance the adsorption selectivity of 2,4,6-TCP using molecularly imprinted polymers (MIPs) that show specific affinity towards a target organic compound. Compared with conventional solid support substrate, magnetic nanoparticles (MNPs) have received increasing attention for synthesizing magnetic MIPs (MMIPs). Because of the high magnetic susceptibility of MNPs, MMIPs can be easily collected and separated by an external magnetic field without additional centrifugation or filtration, which makes separation easier and faster (Jing et al. 2010) . prepared MMIPs for indole recognition. Hou et al. (2014) prepared MMIPs for thymopentin recognition.
Compared with solution or emulsion polymerization, suspension polymerization (MMIPs) has many advantages, which can provide polymeric materials in the form of pearls or beads. In suspension polymerization, a monomer or mixture of monomers is dispersed by strong mechanical agitation into droplets suspended in a second liquid phase in which both monomer and polymer are essentially insoluble. The monomer droplets, which are larger than those in a true emulsion, are then polymerized while dispersion is maintained by continuous agitation (Villanova et al. 2011) . The final product has high purity, and intensive washing of emulsion polymers is avoided. It not only selectively recognizes the template molecules in the complex matrix, but also contains more imprinted cavities within the polymer network because of the high surface-to-volume ratio of MMIPs.
In the literature, most studies mainly focused on the 2,4,6-TCP adsorption in batch experiments. Gaya et al. (2010) investigated the batch adsorption of 2,4,6-TCP by ZnO powder. Tan et al. (2009) studied the batch adsorption behaviour of oil palm empty fruit bunch-based activated carbon for 2,4,6-TCP adsorption. However, in practical wastewater-treatment processes, batch adsorption is not preferable owing to the inaccurate scale-up information. The experimental data obtained from the continuous flow fixed-bed column system are helpful for industrial application, which could predict the column breakthrough and determine the operation lifespan of the bed. Moreover, to the best of our knowledge, there has been little research on the use of MMIPs for the adsorption of 2,4,6-TCP.
In this study, efficient MMIP beads were obtained by suspension polymerization using 2,4,6-TCP as a template, methacrylic acid (MAA) as functional co-monomer, 2,2'-azobisisobutyronitrile (AIBN) as a initiator and ethylene glycol dimethacrylate (EGDMA) as a cross-linker. We mainly focused on the applicability and the investigation of the effect of different parameters (column depth, influent concentration, pH, flow rate and temperature) on the performances of MMIPs using a laboratory-scale fixed-bed column. The breakthrough curves for the adsorption of 2,4,6-TCP were analyzed using the Adams-Bohart and Thomas models.
EXPERIMENTAL ANALYSIS 2.1. Materials and Apparatus
2,4,6-TCP and sodium dodecyl sulphate (SDS) were purchased from Aladdin reagent Co., Ltd. (Shanghai, China). MAA, poly(vinyl alcohol) (PVA), ferroferric oxide (Fe 3 O 4 ), oleic acid, toluene and high-pressure liquid chromatography-grade methanol were obtained from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). EGDMA (Shanghai Xingtu Chemical Co. Ltd., Shanghai, China) was washed consecutively with 10% aqueous NaOH. Distilled water used in all experiments was purified with a PURELAB Ultra (ORGANO, Tokyo, Japan). AIBN (Shanghai No. 4 Reagent & H.V. Chemical Co. Ltd., Shanghai, China) was recrystallized from methanol before use.
The apparatuses used in this study are as follows: Fourier infrared spectra (4000-500 cm -1 ) were recorded on a Nicolet NEXUS-470 Fourier transform infrared (FTIR) spectrometer (USA). The morphologies of the samples were obtained using scanning electron microscope (SEM; JEOL, JSM-7001F). Peristaltic pump used in the experiment was supplied by Baoding Longer Precision Pump Co., Ltd.
Synthesis of Magnetic 2,4,6-TCP Imprinted Polymer
The magnetic 2,4,6-TCP imprinted polymer was prepared by suspension polymerization according to the following procedure: First, 2,4,6-TCP (1 mmol, 0.197 g) and MAA (4 mmol, 0.34 ml) were dissolved in 5 ml of toluene with stirring for 30 minutes (Solution 1). Fe 3 O 4 (0.1 g), oleic acid (4 ml) and AIBN (0.15 g) were dissolved in a mixture of toluene (2 ml) and EGDMA (3.77 ml) (Solution 2). PVA (3 g) was dissolved in distilled water (130 ml) at 80-85 °C and then cooled to room temperature (25 °C; Solution 3). SDS (1.0 g) was dissolved in 20 ml of distilled water (Solution 4). Solutions 1 and 2 were mixed together, and Solution 3 was combined with Solution 4. The mixtures were stirred separately for 2 hours and then mixed together in a three-neck double jacket glass vessel, purged with nitrogen for 10 minutes, stirred at 600 rpm for 1 hour, and then sealed to allow them to polymerize at 60 °C for 24 hours. The products formed were washed with mixed 5% ethanol solution (solvent) followed by washing with distilled water. Then the product particles were washed with methanol and acetic acid (solvent mixture; 9:1, V/V) to remove 2,4,6-TCP. Finally, the MMIP beads were obtained by filtrating and drying.
By contrast, the magnetic non-imprinted polymer (MNIP) beads were prepared in the absence of the template and treated using the same method. The magnetic molecularly imprinted adsorbent was characterized by FTIR spectra and SEM.
Fixed-Bed Adsorption and Desorption Studies
The fixed-bed column studies were performed using a laboratory-scale glass column with an internal diameter of 1.0 cm and length of 25 cm, respectively, packed with 0.1-0.3 g of MMIPs (approximate bed depth, 0.6-1.7 cm). The fixed-bed studies were conducted to evaluate the effects of column depth, initial adsorbate concentration, pH value, flow rate and adsorption temperature on breakthrough curves. Feeding solutions with initial 2,4,6-TCP concentrations of 50-200 mg l -1 were pumped into the column by a Longer Precision Pump (YZ1515X, Baoding) at temperatures of 288-318 K with flow rates of 1.0-3.0 ml minute -1 , with the pH increasing from 4 to 8. Effluent samples were collected at defined time intervals and analyzed by ultraviolet-visible spectrophotometer (UV-2450, Shimadzu, Japan) to determine the concentrations of 2,4,6-TCP at the wavelength of 290 nm.
The saturation capacity for the MMIPs in the column studies was calculated by the following equation:
( 1) where q e is the equilibrium 2,4,6-TCP uptake of the column (mg g -1 ), C 0 and C are the 2,4,6-TCP concentration of the influent and the effluent (mg l -1 ), respectively. V E (l) is the volume of solution required to reach the exhaustion point (C/C 0 = 90%) and m is the mass of MMIPs (g). The effluent concentration (C) from the column that reaches about 10% of the influent concentration (C 0 ) is defined as the breakthrough point. The parameter 't b ' (minutes) is the time to the breakthrough point.
V E can be obtained from the following equation:
where t e (minutes) is the time to the exhaustion point. The total mass of 2,4,6-TCP adsorbed, q total (mg), can be calculated by the following equation:
The removal percentage of 2,4,6-TCP can be obtained from the following equation:
The flow rate (Q) represents the empty bed contact time (EBCT) in the column, as described in the following equation:
RESULTS AND DISCUSSION

Characterizations of MMIPs
The FTIR spectra of Fe 3 O 4 nanoparticles, MMIPs and MNIPs are shown in Figure 1 . The main functional groups of the predicted structure can be observed with the corresponding infrared adsorption peaks (Pan et al. 2011a) . The adsorption peaks around 569 and 633 cm -1 in Fe 3 O 4 were attributed to the Fe-O groups (Pan et al. 2011b) , which were also obtained for MMIPs and MNIPs. Figure 1 shows that the strength of Fe-O stretching decreased for both MMIPs and MNIPs, which was due to the coated polymer layer on the surface of the Fe 3 O 4 nanoparticles. These results confirm that Fe 3 O 4 nanoparticles were successfully introduced into MMIPs and MNIPs. The peaks around 1732, 1253 and 1158 cm -1 of MMIPs and MNIPs were assigned to the C=O stretching vibration of carboxyl group (MAA), C-O symmetric and asymmetric stretching vibrations of ester (EGDMA) group, respectively (Yoshimatsu et al. 2007 ). The peaks around 2856 and 2927 cm -1 indicated CH 2 and CH 3 stretching vibration of MAA. All these results confirmed the co-polymerization of MAA and EGDMA on the surface of polymer particles.
The surface morphology of the Fe 3 O 4 nanoparticles, MMIPs and MNIPs were examined by SEM ( Figure 2 ). As shown in Figure 2 (a), highly monodispersed and spherical Fe 3 O 4 particles were synthesized. It can be seen that the average diameter of the particles was around 255 nm. , which further confirms that the MNPs were successfully introduced on the polymer surface by the imprinting process. The magnetic properties of MMIPs and MNIPs were studied using a vibrating sample magnetometer. Figure 3 shows the magnetic hysteresis loop of the two samples at room temperature. The similar shape of the two curves, being symmetrical about the origin, indicated that the microspheres were superparamagnetic ). The saturation magnetization (M s ) values were 10.14 and 4.2 emu g -1 for MMIPs and MNIPs, respectively. The theoretical specific saturation magnetization of bulk magnetite is reported to be 92 emu g -1 (Zaitsev et al. 1999) . The decrease of magnetic intensity was mainly due to the small particle surface effect such as magnetically inactive layer containing spins that are not collinear with the magnetic field (Kodama et al. 1996) . The adsorbents maintained enough magnetic property to ensure the magnetic separation using the magnetic field. As can be seen from Figure 3 (b), it took approximately 3 minutes to attract the adsorbents from the brown dispersion with an extrinsic magnetic field. Figure 4 shows the breakthrough curves at different bed depths from 0.6 to 1.7 cm, with a flow rate of 3.0 ml minute -1 , pH = 6.0 and an initial 2,4,6-TCP concentration of 100 mg l -1 at 288 K. It is clear that both the exhaustion time and the effluent volume (V eff ) increased as the bed depth increased from 0.6 to 1.7 cm, showing that MMIP's bed of greater depth was saturated more slowly than that of lower depth, whereas the slope of breakthrough curve decreased with 326 P. Yu et al./Adsorption Science & Technology Vol. 33 No. 3 2015 −10000 Magnetization ( increasing the bed depths, which resulted in a broadened mass-transfer zone. From Table 1 , it can be noted that the removal efficiency of 2,4,6-TCP shows an increasing trend in column with the increase in the bed depths. The 2,4,6-TCP uptake capacity was 61.67, 81.2 and 114.75 mg at the bed depth of 0.6, 1.1 and 1.7 cm, respectively, which suggested that the bed depth strongly affected the total adsorbed amount of 2,4,6-TCP. The increase in 2,4,6-TCP uptake capacity with the increasing bed depth in the fixed-bed column may be due to the increased adsorbent doses in larger beds, which provided greater service area (or adsorption sites). From Table 1 , values of breakthrough time (t b ) obtained were 66, 100 and 125 min, respectively. The increase of breakthrough time with increasing bed depth from 0.6 to 1.7 cm was due to the increase of EBCT from 0.16 to 0.44 minutes, which permitted 2,4,6-TCP to diffuse more into the interior of the MMIPs. The results obtained were found to be in agreement with those reported previously (Chen et al. 2012; El-Kamash 2008; Vu and Morgenstern 2011) .
TCP Adsorption in Fixed Bed
Effect of Bed Depths on Breakthrough Curve
Effect of pH Breakthrough Curve
The pH value of adsorption medium is an important controlling parameter in the adsorption process, which can affect the ionization and uptake of the adsorbate, and in turn influence the adsorption on the surface of the solid adsorbent from solution (Maji et al. 2012) . The pH at point zero charge (pH zpc ) of adsorbent can also affect the ionic state of the functional group on the adsorbent surface. The pH zpc of MMIPs was 6.05 in our previous work, which was higher than the pK a value of 2,4,6-TCP, which is 5.95. At pH lower than pH zpc , the surface charge of MMIPs was positive and 2,4,6-TCP dissociates when pH = pK a . Figure 5 shows the effects of influent pH on 2,4,6-TCP removal by MMIPs. It can be seen that the breakthrough time was 66, 35 and 6 minutes at the pH value of 4.0, 6.0 and 8.0, respectively. In addition, at pH 4.0, the 2,4,6-TCP uptake capacity was 54.79 mg, which increased to 61.67 mg at pH 6.0. However, the 2,4,6-TCP uptake capacity dramatically decreased to 5.93 mg at pH 8.0. All these results suggested that the pH value strongly affected the total adsorbed amount of 2,4,6-TCP-when the pH of the solution increased to values higher than pH zpc , especially higher than pK a , the uptake decreased evidently. At pH 4.0, a hydrogen bond is formed between 2,4,6-TCP and MMIPs. When the pH = 6.0, 2,4,6-TCP partly existed as a negative ion and the MMIPs surface is positively charged, and therefore, an electrostatic attraction force exists between 2,4,6-TCP and the adsorbent surface. At the pH of 8.0, the MMIPs surface is negatively charged and an electrostatic repulsion force exists between 2,4,6-TCP and the adsorbent, resulting in a decrease of breakthrough time and low 2,4,6-TCP uptake capacity. It was reported that when the pH increases from 4.0 to 8.0, the removal efficiency of 2,4,6-TCP increased; however, with further increase in pH, the removal efficiency decreased. This may be attributed to the electrostatic repulsion of 2,4,6-TCP at pH 8.0. Therefore, pH 6.0 was selected to be the optimum pH in this work. Figure 6 shows the effect of influent 2,4,6-TCP concentration on the breakthrough curves with a flow rate of 3.0 ml minute -1 , pH of 6.0 and the bed depth of 0.6 cm at 288 K. When the 2,4,6-TCP concentrations increased from 50 to 200 mg l -1 , the breakthrough time and the exhaustion time decreased from 85 to 30 minutes and from 330 to 205 minutes, respectively. It is illustrated that the adsorption process reached saturation faster and the breakthrough time appeared earlier with increasing influent 2,4,6-TCP concentration. This may be because the increased feeding of 2,4,6-TCP on per unit surface area of the adsorbent caused the faster saturation of the MMIPs bed (Unuabonah et al. 2010) . From Table 1 , it can be seen that with the increase in influent 2,4,6-TCP concentrations from 50 to 200 mg l -1 , the maximum uptake capacity of MMIPs was found to increase from 411.1 to 919.92 mg g -1 . As expected, the uptake capacity increased with increasing influent 2,4,6-TCP concentration. This can be explained by the fact that higher influent 2,4,6-TCP concentration provides higher driving force for the transfer process to overcome the mass-transfer resistance. As is shown in Figure 6 , the breakthrough curves were sharper as influent 2,4,6-TCP concentration increased, indicating a relatively smaller mass-transfer zone and that intra-particle diffusion controlled the adsorption process (Akar and Uysal 2010). , temperature at 288 K. Figure 7 shows breakthrough curves at different temperatures from 288 to 308 K with a bed depth of 0.6 cm at an initial 2,4,6-TCP concentration of 100 mg l -1 and a flow rate of 3.0 ml minute -1 at pH 6.0. It is illustrated that the adsorption process reached saturation faster and the breakthrough time decreased upon increasing the temperature. From Table 1 , it can be seen that the breakthrough time and the exhaustion time decreased from 66 to 33 minutes and from 254 to 182 minutes with the temperature increasing from 288 to 308 K, respectively. This may be because the high operating temperature favoured the faster diffusion of 2,4,6-TCP molecules into the MMIPs, resulting in a low breakthrough time and faster MMIPs bed saturation. As the temperature increased from 288 to 308 K, the maximum adsorption capacity and the removal efficiency decreased from 616.69 to 377.61 mg g -1 , and from 80.93% to 69.16%, respectively, which indicated that less 2,4,6-TCP molecules were required to satisfy the maximum adsorption capacity of MMIPs at high adsorption temperatures. Therefore, the adsorption of 2,4,6-TCP on MMIPs bed was favoured at low temperature, indicating an exothermic process (Wang et al. 2006) . , pH = 6.
Effect of Initial 2,4,6-TCP Concentrations
Effect of Temperature
Effect of Flow Rates
In the 2,4,6-TCP removal studies in a fixed-bed column, the flow rate was between 1.0 and 3.0 ml minute -1 , while the 2,4,6-TCP concentration and the bed depth were kept constant at 100 mg l -1 and 0.6 cm at pH 6 (t = 288 K), respectively. The breakthrough curves at different flow rates are shown in Figure 8 . As expected, it can be seen in the figure that the breakthrough time decreased with the increase in the flow rate. In addition, it can be observed that the breakthrough curve obtained at the higher flow rate (3.0 ml minute -1 ) presents a higher slope, indicating a decrease in the mass-transfer resistance of the process (Chen et al. 2011) . Therefore, early breakthrough occurred, resulting in low bed adsorption capacity and low removal efficiency (Table 1) .
From Table 1 , the breakthrough time decreased rapidly from 200 to 66 minutes when the flow rate increased from 1 to 3 ml minute -1 . This can be due to the insufficient or limited residence time of the adsorbate in the column at higher flow rate. As the flow rates increased, the EBCT and the exhaustion time decreased from 0.47 to 0.16 minutes and from 840 to 254 minutes, respectively, which demonstrates that the flow rate affected the EBCT and the exhaustion time of the breakthrough curves. Therefore, 1.0 ml minute -1 was chosen as the optimal rate in our experiment.
Dynamic Adsorption Models
The Adams-Bohart Model
The Adams-Bohart model establishes the fundamental equations describing the relationship between C t /C 0 and t in a continuous system based on the surface reaction theory. Because it is assumed that equilibrium is not instantaneous, the adsorption rate is proportional to both the residual adsorbent and the concentration of adsorbate. The Adams-Bohart model is used for the description of the initial part of the breakthrough curve. The expression is as follows:
Time ( ) calculated by dividing the flow rate Q (ml minute -1 ) by the column section area (cm 2 ). A linear plot of ln(C t /C 0 ) against time (t) was determined using values of K AB and N 0 from the intercept and slope of the plot. The K AB and N 0 values of all breakthrough curves were calculated using linear regression analysis and presented in Table 2 , along with the correlation coefficient (R 2 ). From Table 2 , it can be seen that the values of K AB decreased with increase in the initial 2,4,6-TCP concentration, bed heights and temperature, but it increased with the increase in flow rate (or EBCT). This showed that the overall system kinetics was dominated by external mass transfer in the initial steps of adsorption in the column (Aksu and Gonen 2004). The Adams-Bohart model fitted well (non-linear fit) in the initial part of the breakthrough curves; however, the model was not suitable over the whole range of conditions (Figure 9 ). Although the Adams-Bohart model provides a simple and comprehensive approach to carry out and evaluate adsorption-column tests, its validity is limited to the range of conditions used.
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The Thomas Model
The Thomas model (Thomas et al. 1944a ) assumes plug flow behaviour in the bed, and uses the Langmuir isotherm for equilibrium and second-order reversible reaction kinetics. The Thomas model is one of the most widely used column performance theories, which predicts the relationship between concentration and time (Thomas et al. 1944b ). This model is suitable for adsorption processes in which the external and internal diffusion limitations are absent. The linearized form of this model can be described by the following expression: (7) where K T (ml minute -1 mg -1 ) is the Thomas model constant, q 0 is the equilibrium 2,4,6-TCP uptake/g of the adsorbent (mg g -1 ), m is the mass of adsorbent packed in the column (g), Q is the flow rate (ml minute -1 ), C 0 (mg l -1
) is the inlet 2,4,6-TCP concentration; C t (mg l -1
) is the outlet concentration at time t.
A linear plot of ln[(C 0 /C t ) -1] against time (t) was used to determine values of K T and q 0 from the intercept and slope of the plot. The coefficients and relative constants were determined using linear regression analysis according to equation (7), and the results are presented in Table 2 . From Table 2 Thus, the increase in mass-transport resistance and the higher K T value at the lower C 0 value indicate that the column adsorption of 2,4,6-TCP was favourable at lower levels of contamination. The clear increase of q 0 was due to the decrease of liquid-film thickness at the solid-liquid interface with increasing initial concentration of 2,4,6-TCP in solution (Sotelo et al. 2012) . The decrease of K T was due to the increase of mass-transport resistance with increasing temperature. In all cases, the decrease of q 0 with increasing temperature suggested that the adsorption was favoured by lowering the temperature. Figure 9 shows that the non-linear fits with the experimental and predicted breakthrough data fitted well in the whole range of the breakthrough curves.
Comparing MMIPs with MNIPs for 2,4,6-TCP Adsorption
The dynamic adsorption experiments of MMIPs and MNIPs were conducted in a 2,4,6-TCP solution with a concentration of 100 mg l -1 , respectively, at a flow rate of 1.0 ml minute -1 and a temperature of 288 K with a bed depth of 1.7 cm. The bed was packed with MMIPs and MNIPs, respectively. The results are shown in Figure 10 . It can be clearly seen that the breakthrough curve of MMIPs is obviously different from that of MNIPs (Figure 10 ). The exhaustion time of 2,4,6-TCP for MMIPs was 789 minutes, which is far greater than that for MNIPs (only approximately 447 minutes). The maximum adsorption capacity of 2,4,6-TCP for MMIPs was 942.17 mg g . This shows that MMIPs had excellent recognition selectivity for 2,4,6-TCP compared with MNIPs.
CONCLUSIONS
In this work, we studied the adsorption of 2,4,6-TCP from aqueous solutions on a fixed-bed column of MMIPs. The MMIP beads for 2,4,6-TCP adsorption were synthesized by suspension polymerization. This technique was proven to be highly interesting and effective at low concentration levels. Uptake of 2,4,6-TCP through a fixed-bed column was dependent on the bed depth, temperature, influent 2,4,6-TCP concentration, pH value and flow rate. The influence of these factors on the shape of the breakthrough curves has been investigated. The breakthrough time was found to decrease when the initial adsorbate concentration, the volumetric flow rate and the temperature increased. The adsorption capacity of MMIPs was increased with increasing influent 2,4,6-TCP concentration, but decreased with increasing bed depth, flow rate and temperature. It has been shown that a variation in the bed depth, initial concentration, pH value, temperature or the volumetric flow rate changed the adsorption capacity of MMIPs, and therefore, the mass-transfer resistance of the process is dependent on these parameters. Under the experimental condition, the Thomas model provided a good fit to the experimental data at various bed depths, flow rates, pH value, initial concentrations and temperatures, indicating that this model can be used in the design of a fixed bed. Moreover, compared with MNIPs, MMIPs exhibited an excellent selectivity for 2,4,6-TCP. However, further studies about desorption and regeneration under different conditions should be investigated and taken into consideration. , temperature at 288 K, pH = 6, flow rate 1.0 ml minute -1
.
